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 instance, see in this regard: Sheppard et al., “Organic

"~ need for toxic, explosive, or corrosive initiators such as

'  (1977) disclose that aromatic sulfinic acids react with
- perfluoroalkyl iodides in liquid ammonia under UV

| mention is made of conducting the reaction in the pres-
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" SULFINATE-INITIATED ADDITION OF
PERFLUORINATED IODIDES TO OLEFINS

BACKGROUND OF THE INVENTION 5

This invention concerns the sulfinate-initiated addi-
- tion of a fluorine-containing iodide to an olefin. |
~ Several types of reactions are known in the art for
addition of a fluorine-containing iodide to an olefin. For {0
 Fluorine Chemistry”, Benjamin, New York, 1969,
pages 189 to 194 and Table 6-1. Other representatwe
~ reactions are summarized hereafter:
Moore, J. Chem. Eng. Data 9, 251 to 254 (1964),
- irradiation;
EPA 43,758, electrochemical mltlatlon
- EPA 43,757, mercuric salt catalysis;
- U.S. Pat. No. 4,058,573; U.S. Pat. No. 4,144,244; U.S.
- Pat. No. 4,436,141; free-radlcal initiation employ-
~ ing azo compounds and peroxides;
: UK No. 1,319,898; Burton et al., Tet. Letters 5163
~ (1966); and Brace, J. Org. Chem 44, 212 (1979),'
metallic compounds and/or amines; and :
| Femng, J. Fluorine Chem. 24, pages 191 to 203
(1984), addition of perfluoroalkyl iodides to nor-
bornene in the presence of nitronate ions and thio-
 late ions with concurrent formation of major
- amounts of side products. - |
~ Japanese Application 57-085327 discloses addition of 30

25

R pentafluoro-3-iodopropene to ethylene under ultravio-
- let irradiation to form 1, 1 '2s 3 3-pentaﬂuoro-5-1od0pent-

| l-eno |

-~ In contrast to the methods practiced by the prior art,
the sulfinate-initiated process of this invention can gen-
erally be run at lower temperatures, for shorter times,
~ usually forming the desired product in good. yield The
~process can be scaled up simply, and expensive equip-
“ment such as high pressure, UV, and electrochemical
- equipment is not needed. This process also avoids the

35

- peroxides, azo compounds and transition metal salts.
Finally, Kondratenko et al., J. Org. Chem. 13, 2086

| _ 45
~irradiation to give aromatic perfluoroalkyl sulfones. No

'-ence of olefins to make fluorinated 1od1des
' ' SUMMARY OF THE INVENTION

50
~ This invention concerns a method for maklng a fluo-
nnated 1od1de of the formula |
R1 R3 |
Rf—(i'i-—(l.'l—l
'_; : Rz R4

 comprising reactlng an iodide, (I)mRﬁ with an oloﬁn of
“the formula o - 60

65

 inthe presence of a sulﬁnate salt initiator of the formula -
'R5802M whorem | | |

15

~ zenesulfinate,

9
Rris a perfluorinated primary or secondary C; to Cg
‘moiety which can be aliphatic or alicyclic, can be
substituted, or, except for the Ci moiety, internally
interrupted by any group that will not react with
~ the sulfinate salt; _
- Rjto Rsare, individually, H or a substituted or unsub-
stituted C; to Ci¢ moiety, or R; to R4, taken to-
gether, form a mono- or bicyclic aliphatic ring, the
atoms directly linked to olefinic carbon atoms
bemg aliphatic or alicyclic carbon; |
Rs is substituted or unsubstituted C1 to Cig moiety;
‘m1s 1or 2; and |
M is a cation selected from alkali metal, ammonium,
quaternary ammomum or tris(dialkylamino)sul-
- fonium. | |

DETAILS OF THE INVENTION
“The (I)me starting reactant can be linear, branched _

- or cyclic perfluorinated C; to Cig and contains at least
20
~ bonded to at least one fluorine. The C; to Cig moiety,

one iodine atom bonded to a carbon which is, in turn,

which can be aliphatic or alicyclic, can be subsituted,

or, except for the C; moiety, internally interrupted by
 any group, for example, by heteroatoms such as ether

oxygen, or by keto or carbonyloxy groups, that will not

~react with the sulfinate salt.

Preferred iodides are (i) primary or socondary perﬂu- -

oroalkyl iodides of the formula C,F2,411 where nis an

integer from 1 to 18 and (ii) primary perfluoroalkylene
ditiodides of the formula I(CF2),I. More preferrcd are

~ primary perfluoroalkyl iodides CpF2, 11 wherenisan
even number from 2 to 18. Representative fluorine-con- -

~ taining iodides suitable in the process of this invention

- are l-iodoperfluorooctane,

2-iodoperfluorononane, 1,4-diiodoperfluorobutane, and

perfluoro-1-iodo-3-oxa-4-trifluoromethylpentane.

The olefin reactants can be unsubstituted hydro-

~carbyl or they can contain functional or nonfunctional

substituents that do not react with the sulfinate catalyst,
prowdod an aryl group, heteroatom or functional sub-

~ stituent is not directly attached to an olefinic carbon
‘atom. The R to R4 moieties can also contain one or
‘more olefinic groups which, in the presence of sulfinate

- salt initiator, can add to fluorinated iodide, as, for exam-

ple, in tnallylc:1trate or diallylsuccinate. Olefins which

~are preferred in the invention process include Cz-10

linear 1-olefins, cis- and trans-2-butene, allyl benzene,

- allylacetate, allylbenzoate, diallylsuccinate, triallylci-

trate, norbornene, norbornadiene, methyl undec-10-
enoate, cyclopentene and cyclohexene.
The sulfinate salt initiators, RsSO;M, are unsubsti-

‘tuted or substituted by groups that are stable under the
reaction conditions. Representative sulfinate salts are
sodium benzenesulfinate, sodium p-toluenesulfinate,
sodium methanesulfinate, o
tris(dialkylamino)-sulfoniumben-
- zenesulfinate wherein the alkyl group has 1 to 8 carbon
~ atoms; the latter compound attnbutable to another in-
-ventor

sodium = p-acetamidoben-
and

The sulfinate salt initiator can be present in any
amount sufficient to initiate the fluorinated iodide-form-
ing reaction. It has been found that fluorinated iodides
prepared in the process of the invention from olefins
wherein at least R1and R are H, can react further with

the sulfinate salt initiator. When the starting olefin is '
“ethylene (R; to R4 are H), the product iodide,

R/CH>CH3], can react with the sulfinate present to give E
the sulfone RﬁH2CH2802R5 With substituted ethyl-

 2-iodoperfluoropropane,
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enes wherein at least one of R to R4 is H, the initially-
formed iodide may eliminate hydrogen iodide to give a
perfluorinated olefin, as demonstrated in Example 16.
Use of smaller amounts of sulfinate salt initiator and
lower reaction temperatures will minimize such second-
ary reactions.

Preferably, the sulfinate salt is employed in the
amount of about 1 to 100 mol % of the starting iodide,

more preferably about 10 to 50 mol % of the starting
iodide.

When preparation of fluorinated alkyl sulfones of the
above formula is desired, at least a stoichiometric
amount of sulfinate salt with respect to ethylene or the
intermediate fluoro 10dide adduct of ethylene should be
employed. Reaction conditions are essentially the same
as those employed in the preparation of the 10dide ad-
ducts.

Representative substitutents which can be present in
the Rrand R; to Rs moieties include cyano, carboalk-
oxy, alkoxy, aryloxy, carboaryloxy, aroyloxy, acyloxy,
halogen other than iodo, carboxy, carboxylate, keto,
amido and carboallyloxy.

The process is typically run in a solvent such as di-
- methylformamide (DMF), dimethylsulfoxide (DMSQ),
and acetonitrile. Other solvents inert to the process
conditions can be employed, but the process may be
somewhat slower. Representative of such other sol-

.. vents are the hydrocarbons including benzene.

The process requires at least a stoichiometric amount
of the olefin relative to the 1odide. Since the iodide is
normally the more expensive reactant, it is preferred to
use a 2- to S5-fold excess of the olefin to maximize the
yield of product based on the 1odide. The process is
operated at temperatures from about 0° C. to 100° C.
The preferred temperature range is 10° to 50° C. The
reagents and the sulfinate salt can be mixed 1n any order.

Ambient pressures are preferred because of conve-
nience, but either subatmospheric or superatmospheric

_ pressures can be employed. Either a closed or open

 reaction vessel can be used. It is preferred to maintain
- an inert atmosphere of nitrogen or argon during the
reaction. When the reaction temperature is above the
boiling point of any of the reagents it is preferred to use
a closed vessel to minimize loss of the volatile reagent.

The product can be 1solated by a variety of tech-
niques. If a water-insoluble solvent is employed, the
reaction mixture can be washed with water to remove
the sulfinate salt inttiator. The product can be recovered
by evaporation of the solvent and purification by stan-
dard techniques such as distillation, chromatography,
and the like. When the preferred water-soluble solvents
DMF, DMSO, or acetonitrile are employed the reac-
tion mixture can be treated with an excess of water and
the product recovered by extraction with a water-
insoluble solvent such as ether or methylene chloride.
The product is isolated from the extraction solvent as
described above.

Fluorinated iodides prepared by the process of this

10

15

4

Fluorinated alkyl sulfones prepared by the process of
this invention are useful as oil and waterproofing agents
for textiles and papers, and as industrial and/or biologi-
cal transporters of dissolved gases. Related utilities are
disclosed in German Patent No. 2,052,579 and 1n
French Patent No. 2,516,920: the latter discloses use of

perfluoroalkyl sulfones as blood substitutes.
The following Examples illustrate the process of this

invention. Temperatures are in degrees Celsius.

EXAMPLE 1

A mixture of 6.0 g (0.03 mole) of sodium benzenesul-
finate dihydrate, 100 mL of dimethylformamide (DMF)
which had been bubbled with argon to remove oxygen,
9.4 g (0.1 mole) of norbornene and 10.9 g (0.02 mole) of
perfluorooctyl iodide was stirred overnight. The mix-
ture was poured into 300 mL of ether and 300 mL of

- water. The ether solution was washed with 3 xX 100 mL

20
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invention are useful reagents for the preparation of 60

monomers and surface active agents. Examples of this
utility are disclosed in U.S. Pat. No. 3,786,089, and U.S.
Pat. No. 3,773,826 where fluorine-containing iodides
are converted to polymerizable compositions. Other
utilities are disclosed in U.S. Pat. No. 4,346,141. The use
of compounds made by this process as synthetic inter-

mediates is described by Brace, J. Fluorine Chem., 20,
313 (1982).
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of water and dried over anhydrous magnesium sulfate.
Glpc (gas-liquid partition chromatography) analysis
using a2 1.83 m by 0.32 cm 109 methyl silicone flud
(SP-2100; Supelco) column with helium carrier gas flow
rate of 40 mL/min and an oven temperature of 70° for
2 min (then heated from 70° to 230° at 16°/min) re-
vealed the absence of a peak due to unreacted per-
fluorooctyl iodide and the presence of a new peak with
the retention time of 9.5 minutes. The ether solution was
concentrated on a rotary evaporator giving 11.9 g
(93%) of 2-iodo-3-perfluorooctylnorbornane, proton
NMR (6 CDC13/TMS) 1.1-2.8 (9H,m); 4.32 (1H,m),
fluorine NMR (6 CDCI13/CFC13) —81.55 (3F);
—126.74 2F); —123.21 2F); —122.30 (6F); —121.25
(2F); —117.69 (2F, AB quartet, Jab=280 Hz).

EXAMPLE 2

A mixture of 3.6 g (0.02 mole) of sodium p-toluenesul-
finate and 100 mL. of DMF was heated under argon to
60° then cooled to room temperature to give a saturated
solution. Norbornene (4.7 g, 0.05 mole) and per-
fluorooctyl iodide (10.9 g, 0.02 mole) were added and
the mixture was stirred overnight at room temperature.
The mixiure was poured into 300 mL of ether and 300
ml. of water. The ether solution was washed with
3 X 100 mL of water and dried over anhydrous magne-
sium sulfate. Glpc analysis as in Example 1 showed a
peak for 2-iodo-3-perfluorooctylnorbornane and no
peak for unreacted perfluorooctyl iodide. The ether
solution was concentrated on a rotary evaporator to
12.0 g (94%) of product as an oil which crystallized on
standing.

EXAMPLE 3

A solution of 10.9 g (0.02 mole) of perfluorooctyl
iodide, 90 mL of DMF, and 9.4 g (0.1 mole) of norbor-
nene was partially evacuated and filled with argon to
remove oxygen. Sodium methanesulfinate (2.1 g, 0.021
mole) was added and the mixture was stirred overnight.
The mixture was added to 300 mL of ether and 300 mL
of water. The separated ether solution was washed with
3100 mL of water and dried over anhydrous magne-
sium sulfate. Glpc analysis as in Example 1 showed a
peak corresponding to 2-iodo-3-perfluorooctylnorbor-
nane and no unreacted perfluorooctyl 10odide. The ether
solution was concentrated on a rotary evaporator to an
oil. Kugelrohr distillation of the oil at 0.1 mm pressure
and a heating bath temperature of 95° gave 10.7 g (84%)
of product as a colorless liquid which crystallized to a

white solid.
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N B EXAMPLE 4
A mlxture of 10.9 g (O. 02 mole) of perﬂuorooctyl

~ iodide, 9.4 g (0.01 mole) of norbornene, 100 mL of
- DMF and 2.2 g (0.01 mole) of sodium p-acetamidoben-

4,650,913

zenesulfinate was stirred overnight at room temperature

under argon. Work-up as in Example 1 afforded 12.5 g

o of crude product. Kugelrohr distillation at 0.15 mm

pressure and a bath temperature of up to 100° gave 10.8
(84%) of 2-lodo-3-perﬂuorooctylnorbomane

EXAMPLE 5

A 50 mL portlon of a DMF solution. which was 0.5

15 | - | -
- The first peak corresponds to unreacted perfluorooctyl

~ Molar in norbornene and 0.2 Molar in perfluorooctyl

~ iodide was treated with 0.2 £ (0.0012 mole) of sodium

10

p-toluenesulfinate. The solution was stirred overnight.
The solution was added to 200 mL of ether and 200 mL.

3 100 mL of water and dried over anhydrous magne-

~ sium sulfate. Glpc analysis as in Example 1 showed the

~ formation of 2—1odo-3-perﬂuorooctylnorbomane with
‘no unreacted perfluorooctyl iodide remaining in the

- solution. Concentration of the solution on a rotary |
. o -evaporator gave 5 75 g (90%) of product

EXAMPLE 6

O “mole) was added, followed by 109 g (0.02 mole) of
- perfluorooctyl iodide. At one hour intervals after the

" addition of the perfluorooctyl iodide, 5 mL aliquots of
the solution were removed by syringe and injected into

15 mL of ether and 15 mL of water. The ether solution

- was washed with 3X 15 mL of water and dried over

- ~ anhydrous magnesium sulfate. The ether solution was
" analyzed by glpc, according to the conditions of Exam-

~ple 1, for the presence of 2-iodo-3-perfluorooctylnor-
~ bornane and unreacted perfluorooctyl iodide. After 4

~hours reaction time, this analysis showed a complete
R dlsappearance of the perfluorooctyl iodide. The remain-
- ing solution was poured into 300 mL of ether and 300

- mL. of water. “The ether solution was washed with

“uct as an oil ;Whieh orystallized' on standing.
' ~ EXAMPLE7 .
A mlxture of 3. 6 g (0.02 mole) of sodlum p-toluenesul-

S ﬁnate, 9.4 g (0.1 mole) of norbornene, 10.9 g (0.02 mole) -
- of perfluorooctyl iodide, and 90 mL of dimethylsulfox-

- ide (DMSO) which had been bubbled with argon to
. remove oxygen was stirred overnight. The mixture was
.~ then subjected to the work-up procedure given in Ex-
- ample 1. Kugelrohr distillation of the crude product at
. 0.25 mm pressure and a bath temperature of up to 126°
- gave 1041 g (81%) of 2-1odo-3-perﬂuorooctylnorbor- o
e nane as an oll wh1oh crystalhzed on standmg S

EXAMPLE 8

10 79 g (84%) of 2-1odo-3-perﬂuorooctylnorbomane

~ of water. The separated ether solution was washed with -
20

_ EXAMPLE 9 |
The procedure of Example 7 was followed using 100

‘mL of benzene in place of DMSO. The reaction mixture

was washed with 3100 mL of water and dried over
anhydrous magnesium sulfate. Glpc analysis of the ben-
zene solution according to the procedure of Example 1

showed the presence of two peaks after peaks for sol-
vent and excess norbornene:

- Area %

Peak Retention Time
1 | | 1.94 min 84.1
15.6

2 | 9.65 min

iodide; the second to 2-iodo-3-perfluoroocytlnorbor-
nane. The benzene solution was concentrated on the
rotary evaporator and evacuated to 0.25 mm pressure
giving 2.46 g (19%) of product. This Example demon-
strates that the reaction proceeds in a nonpolar solvent

‘such as benzene, but is slower compared to reactions in

| dlpOlaI‘ solvents such as DMF, DMSO, or aeetomtnle

25

30

~ EXAMPLE 10 |
A mixture of 3.6 g (0.02 mole) of sodium p-toluenesul-

- finate, 100 mL of DMF and 9.4 g (0.1 mole) of norbor-

A solutlon of 0.9 g (0.005 mole) of sodlum P~
toluenesulﬁnate in 100 mL of DMF was evacuated and
~ - filled with argon several times. Norbornene (9.4 g, 0.1

nene was partially evacuated and filled with argon to

~ remove oxygen; then, 2-iodoperfluoropropane (5.9 g,

0.02 mole) was added. The mixture was stirred over-

- night and then poured into 300 mL of ether and 300 mL.
~ of water. The separated ether solution was washed with

35
‘at 23 mm pressure and a bath temperature up to 130°

gave 4.54 g (58%) of 2-1odo-3-(2—perﬂuoropr0pyl)-nor- -
| 'bomane | ]

. 3X100 mL of water and dried over anhydrous magne-
'sium sulfate. Evaporation of the ether on a rotary evap-
orator gave 5.4 g of oil. Kugelrohr distillation of the oil

EXAMPLE 11
A mixture of 4.7 g (0.05 mole) of norbornene, 5.9 g

o (0 01 mole) of 2-iodoperfluorononane, 50 mL of DMF,
~ and 1.8 g (0.01 mole) of sodium p-toluenesulfinate was
- partially evacuated and filled with argon several times

45

:, 3% 100 mL of water, dried over anhydrous magnesium
~ sulfate, and concentrated on a rotary evaporator to an
 oil. Kugelrohr distillation of this oil at 0.25 mm pressure

~ and abath temperature of up to 100° gave 7.7 g of prod- %

‘to remove oxygen. The mixture was stirred overnightat
room temperature. The mixture was poured into 150

. mL of ether and 150 mL of water. The separated ether =
‘solution was washed with 3 X 50 mL of water and dried

over anhydrous magnesmm sulfate. Glpc analysis of the
ether solution as in Example 1 showed no peak for

unreacted 2-iodoperfluorononane. The analysis showed
- the presence of two closely spaced peaks with retention

55

.- ~ times of b 9.5 and 9.6 minutes. The ether solution was
~concentrated on the rotary evaporator. The residual o1l
was distilled in a Kugelrohr apparatus at 0.25 mm pres-

. sure and a bath temperature of up to 113° giving 5.0 g
" (85%) of colorless oil. The product structure was as-

~ signed as a 1:1 mixture of diastereomers of 2-iodo-3-(2-
~perﬂuorononyl)norbomane on the basis of proton and
fluorine NMR 5peetra

EXAMPLE 12

A mixture of 9.4 g (0.1 mole) of norbornene, 100 mL

 of DMF, 9.1 g (0.02 mole) of 1,4-diiodoperfluorobutane,

| . | 65
SR The procedure of Example 7 was followed usmg 90
| R -mL of acetonitrile in place of DMSO. This afforded

‘and 1.8 g (0.01 mole) of sodium p-toluenesuifinate was -

- stirred overnight at room temperature. The mixture was
- poured into 300 mL of ether and 300 mL of water. The

“separated ether layer was washed with 3X 100 mL of '
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water and dried over anhydrous magnesium sulfate.
The solution was concentrated on the rotary evaporator
leaving 12.21 g of off-white solid. The solid was dis-
solved in 100 mL of ether. Silica gel (30 g) was added
and the solvent was evaporated on the rotary evapora-

tor. This material was added to the top of a column of
300 g of silica gel packed in hexane. The column was
eluted with hexane, taking 100 mL fractions. Fractions

12 to 25 were combined and concentrated on a rotary
evaporator to 10.6 g (83%) of white solid, mp
114°-115°. This material was identified as the 2:1 adduct
of norbornene:diiodide by NMR.

EXAMPLE 13

A mixture of 3.8 g (0.021 mole) of sodium p-
toluenesulfinate, 4.7 g (0.05 mole) of norbornene and
100 mL of DMF was partially evacuated and filled with
argon to remove oxygen. Perfluoro-1-iodo-3-oxa-4-tri-
fluoromethyipentane (8.2 g, 0.02 mole) was added and
the mixture was stirred overnight. The mixture was
poured into 300 mL of ether and 300 mL of water. The
separated ether solution was washed with 3 100 mL of
water and dried over anhydrous magnesium sulfate.
The ether solution was concentrated on a rotary evapo-
rator to 7.9 g of colorless liquid. Kugelrohr distillation
of the oil at 0.35 mm and a bath temperature of up to
100° gave 5.97 g (59%) of 2-iodo-3-(perfluoro-3-oxa-4-
trifluoromethylpentyl)norbornane as identified by pro-
~ ton and fluorine NMR.

EXAMPLE 14

A mixture of 100 mL of DMF which was bubbled

with argon to remove oxygen, 10.9 g (0.02 mole) of
perfluorooctyl iodide, 4.1 g (0.06 mole) of cyclopen-

tene, and 1.8 g (0.01 mole) of sodium p-toluenesulfinate 3

was stirred overnight at room temperature. The mixture
was poured into 300 mL of ether and 300 mL of water.

 The ether solution was washed with 3100 mL of
* water and dried over anhydrous magnesium sulfate.
~ QGlpc analysis, according to the procedure of Example
= 1, for the ether solution showed three peaks after the

- = solvent peak:

Peak Retention Time Area %
1 1.71 min 334
2 4.86 min 3.3
3 . 7.94 min 63.0

The first peak had the retention time of perfluorooctyl
iodide. The ether solution was concentrated on the
rotary evaporator to 10.5 g of oil. Kugelrohr distillation
of the oil at 0.5 mm pressure and a bath temperature of
up to 100° gave 5.6 g of light orange oil which was
94.3% peak 3 material by glpc analysis. This material
was identified as 1-iodo-2-perfluorooctylcyclopentane
by NMR. The proton NMR showed multiplets at
1.6-2.5 (6H), 3.20 (1H), and 4.53 (1H).

EXAMPLE 15

A nitrogen-swept 200 mL pressure vessel was
charged with 3.6 g (0.02 mole) of sodium p-toluenesulfi-
nate, 90 ml. of DMF and 10.9 g (0.02 mole) of per-
fluorooctyl iodide. The vessel was closed, cooled in dry
ice/acetone and evacuated. Excess propene (15 g) was
condensed into the vessel. The vessel was agitated over-
night with the contents at room temperature. The vessel
was vented to 1 atm pressure and the contents were
poured out. The vessel was rinsed with 50 mL of DMF-.

>
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8
The combined DMF solutions were added to 300 mL of
ether and 300 mL of water. The separated ether layer
was washed with 3100 mL of water and dried over
anhydrous magnesium sulfate. Glpc analysis of the
ether solution according to the conditions of Example 1
showed the presence of two peaks after solvent peak:

Peak Retention Time Area %
1 1.95 min 43.6
2 5.80 min 45.1

The ether solution was concenfrated on the rotary
evaporator to 9.6 g of solid. NMR confirmed the forma-
tion of the addition product of the perfluorooctyl 1odide
to propene. The product was further purified by chro-
matography over 300 g of silica gel. The column was
eluted with hexane taking 100 mL fractions. Fractions 6
to 11 were combined and concentrated on a rotary
evaporator. The residue was Kugelrohr-distilled at 25
min pressure and a bath temperature of up to 95° giving
4,04 g (34%) of 2-iodi-1-perfluorooctylpropane as a
faintly yellow solid.

EXAMPLE 16

A mixture of 10.9 g (0.02 mole) of perfluorooctyl
iodide, 12 mL (0.077 mole) of l-octene, 100 mL of
DMF, and 3.6 g (0.02 mole) of sodium p-toluenesulfi-
nate was stirred overnight at room temperature under
argon. The mixture was poured into 300 mL of ether
and 300 mL of water. The ether solution was washed
with 3100 mL of water and dried over anhydrous

3 magnesium sulfate. Glpc analysis of the ether solution

according to the procedure of Example 1 showed three
peaks after the peaks for solvent and excess octen:

Peak Retention Time Area %
1 1.66 min 9.2
2 7.16 min 21.1
3 9. min 63.8 |

The first peak is unreacted perfluorooctyl iodide. The
third peak is assigned to the adduct of the todide to
octene and the second peak is assigned to the HI elimi-
nation product from this adduct.

The ether solution was concentrated on the rotary
evaporator giving 15.2 g of oil. The oil was Kugeirohr
distilled at 0.25 mm pressure and a bath temperature of
up to 120°. The distillate was dissolved in 100 mL of
methanol and the solution was added to a solution of 5
g of potassium hydroxide pellets in 100 mL of methanol.
The solution was stirred for 1 hr at room temperature.
The solution was poured into 300 mL of ice water con-
taining 20 mL. of concentrated hydrochloric acid. This
was extracted with 3100 mL of 1,1,2-tricholotri-
fluoroethane. The combined extracts were washed with
2 100 mL of water and dried over anhydrous magne-
sium sulfate. Glpc analysis as above showed only the
peak at 7.16 min. The solution was concentrated on the
rotary evaporator to 7.7 g (73%) of colorless liquid. The
structure of this material was assigned as
1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8-heptadecafluorohexadec-
9-ene on the basis of its NMR spectrum.
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EXAMPLE 17

 The procedure of Example 16 was followed using

11.2 g (0.1 mole) of 1-octene and 0.9 g (0.005 mole) of

sodium p-toluenesulfinate. Glpc analysis of the ether
solution showed the following peaks: -

Area %

Peak
1 g ) 17.9
2 . 5.4
3

727

SR 'This Exar'nple demonstrateS'-that:more of the 1:1 adduet. |

~ (peak 3) is obtained relative to the HI elimination prod-

S

10

10

fractlons Fraetlons 17 to 20 were combmed and con-

- centrated to 10.9 g of oil which was 61% peak #5 by

Gilpc analysis. Proton and fluorine NMR confirmed the -
formation of CgF7CH2CHI(CH2)3CO2CH3.

EXAMPLE 21

~ The reaction of perfluorooctyl 1odide, ethylene, and
sodium p-toluenesulfinate in DMF was conducted as

follows. A nitrogen-swept 200 mL pressure vessel was

charged with 3.6 g (0.02 mole) of sodium p-toluenesulfi-

nate, 90 mL of DMF, and 10.9 g (0.02 mole) of per-

- fluorooctyl iodide. The vessel was closed, cooled in dry

uct (peak 2) when less of the initiator is employed. The

- ether solution was concentrated on the rotary evapora-

tor to 13. 02 g of oil. Kugelrohr distillation of the oil at

- -0.35 mm pressure and a bath temperature of up to 180°
identified as 20

~gave 93 g (71%) of liquid,
1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,heptadecafluoro-10-iodo-

o hexadecane by its NMR spectra.

EXAMPLE 18

The procedure of Exarnple 17 was followed usmg 8.0 ,¢

g (0.08 mole) of allyl acetate in place of the 1-octene.

. ,spectrurn |
" EXAMPLE 19

ice and acetone and evacuated. Ethylene (10 g, 0.42

s mole) was condensed in the vessel. The mixture was

agitated overnight at room temperature. The vessel was.

‘vented to 1 atmosphere pressure and the contents were

- poured into 300 mL of ether and 300 mL of water. The
- ether solution was washed with 3100 mL of water

- Kugelrohr distillation of the product at 0.4 mm pressure
~and a bath temperature of up to 90° gave 3.7 g (29%) of

 4,4,5,5,6,6,7,7,8.8,9,9,10,-10,11,11,11-heptadecafluoro-2-
- -'1odoundeeenyl acetate as mdreated by the proton NMR 30

The procedure of Example 17 was followed usrng 4.7 |

Concentration of the ether solution on a rotary evapora-

.  tor gave 13. 8 g of oil. The oil was chromatographed on

o " g (0.04 mole) of allylbenzene in place of the 1-octene. 35

and dried over anhydrous magnesium sulfate. Glpc
analysis of the ether solution accordmg to the proce-
dure of Example 1 showed three major peaks after the

| solvent peak:
Peak - Retention Time Area %
1 ~ 1.87 min. 31.2
2 - 5.18 min. 20.0-
3 34.0

11.77 min.

The first peak is unreacted perfluorooctyl iodide. The '

- ether solution was concentrated on the rotary evapora-
~tor to 10.03 g of oily orange solid. The crude product

adsorbed on 30 g of silica gel was added to a column of

- 300 g of silica gel packed in hexane. The column was
> eluted with 1 L of hexane, 1 L of 5% ether in hexane,

0.5 L of 10% ether in hexane, 1 L of 25% ether in hex-

~300 g of silica gel. The column was eluted with 1 L of

 hexane and 1 L of 10% ether in hexane, taking 100 mL
-« . fractions. From fractions 14 to 17 was isolated 0.41 g of ,,
4,4,5,5,6,6,7,7,-8,8,9,9,10,10,11,11,11-heptadeca-

fluoro-2-iodo-1-phenylundecane as identified by fluo-

~ rine and proton NMR. Kugelrohr distillation of the

. material from fractions 9 to 13 and 18 at 0.15 mmanda

~ bath temperature of up to 106° gave an addltlonal 0.86g 4
-of shghtly less pure product.

o EXAMPLE 20 |
The procedure of Example 17 was followed usmg 4 1

- g (0.021 mole) of methyl undec-10-eneoate in place of 50
-~ the l-octene, 60 mL of DMF and a 66 hr reaction time. =~
‘Glpc analysis of the ether solution according to the

. procedure of Example 1 showed five peaks after the
-solvent. peak | - -

Peak - Retention Time - Area %
1 - 17%min - . - T1
2 . 898min 0 - . . 64
3 0 115Tmin 0 142
4 12,02 min . 14.8 |
5. 5710

' {4.31 min

~ The ﬁrst two peaks are unreacted perﬂuorooetyl iodide
- and methyl undec-10-enoate, respectively. Concentra-

~13.75 g of oil. The oil was chromatographed on 300 g of

o silica gel packed in hexane. The column was eluted with
1L hexane and 1L 10% ether/hexane, takmg 100 mL

ane, and 3 L of 35% ether i hexane, taking 100 mL
fractions. From fractions 6 to 9 was 1solated 1.92 g

(17%) of 1H, 1H, 2H, 2H-perfluorodecyliodide, mp 56°
to 57°, as confirmed by proton NMR and by fluorine

- NMR. From fractions 32 to 58 was isolated 3.94 g

5

(33%) of CgF17CH2CH2S0,C¢H4CH3 as a white solid,

" mp 109° to 111°, as confirmed by proton NMR and by -

fluorine NMR. Analysis: Calcd. for C17H11F15802: C,
33.90; H, 1.84; F, 53.63; S, 532 Found: C 3383 H

. 1.92; F, 53.57; S, 5.49.

I claim: - |
1. A method for makmg a ﬂuormated 1od1de of the

formula

| R> 'R4

3 eomprrsmg reactmg an rodlde, (I),,,Rf; wrth an olefm of

~tion of the ether solution on a rotary evaporator gave 65

the formula

in the presence of a sulfinate salt initiator of the formula .
_. '__RSSOQ,M wherein:

Rris a perfluorinated primary or seoondary Cito Clg' _-
- moiety which can be aliphatic or alicyclic, can be
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substituted, or, except for the C; moiety, internally
interrupted by any groups, provided that said sub-
stituent or said internal group will not react with
the sulfinate salt;

Rito Ryare, individually, H or a substituted or unsub-
stituted Cj to Ci6 moiety, or Ri to Ry, taken to-
gether, form a mono- or bicyclic aliphatic ring, the
atoms directly linked to olefinic carbon atoms
being aliphatic or alicyclic carbon;

R is a substituted or unsubstituted C; to Cig moiety;

m is 1 or'2; and

M is a cation selected from alkali metal, ammomum,
quaternary ammonium or tris(dialkylamino)sul-
fonium.

2. A method according to claim 1 employing an 10-
dide which is selected from (i) a primary or secondary
perfluoroalkyl iodide of the formula C,F2,4 11, and (11)
a primary perfluoroalkylene diiodide of the formula
I(CF>,),I: wherein n is an integer from 1 to 18.

3. A method according to claim 2 wherein the olefin
is ethylene.

4. A method according to claim 2 wherem Rito R3
are each H and Ruis a substituted or unsubstituted Cj to
Ci6 moiety which is alkyl or aralkyl.

5. A method according to claim 4 wherein R4 is alkyl
containing at least one functional substituent.

6. A method according to claim § wherein the substit-
uent is acyloxy or aroyloxy.

7. A method according to claim 2 wherein at least one
of R1to R4 contains one or more olefinic groups capable
of adding to the 10dide.

8. A method according to claim 2 wherein the olefin
1s alicyclic.

9. A method according to claim 7 wherein the olefin
is a di- or triallyl ester.

10. A method accordmg to claim 2 wherein Rs 1s
phenyl, substituted phenyl or methyl.

11. A method according to claim 10 wherein M 1is
sodium, tetraalkylammonium, or tris(dimethylamino)-
sulfonium.

12. A method according to claim 2 wherein the iodide
is a primary perfluoralkyl iodide and n is an even num-
ber from 2 to 18.

13. A method according to claim 2 wherein the 1odide
is a secondary perfluoroalkyl iodide.

14. A method according to claim 1 wherein the 10dide
is a primary perfluoroalkylene diiodide.

15. A method according to claim 2 wherein the iodide
1s perfluoro-1-iodo-3-oxa-4-trifluoromethylpentane.

16. A method according to claim 12 wherein the
iodide 1s 1-1odoperfluorooctane.

17. A method according to claim 13 wherein the
iodide 1s 2-iodoperfluoropropane.

18. A method according to claim 13 wherein the
iodide 1s 2-10doperfluorononane.

19. A method according to claim 14 wherein the
iodide is 1,4-diiodoperfluorobutane.

20. A method according to claim 8 employing nor-
bornene as the olefin.

- 21. A method according to claim 8 employing cyclo-
pentene as the olefin.

22. A method according to claim 4 employing pro-
pene as the olefin.

23. A method according to claim 4 employing 1-
octene as the olefin.

24. A method according to claim 2 empioying allyl
acetate as the olefin.
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25. A method according to claim 2 employing allyl-
benzene as the olefin.

26. A method according to claim 2 employing methyl
undec-10-eneoate as the olefin. _

27. A method according to claim 12 employing so-
dium benzenesulfinate as initiator.

28. A method according to claim 12 employing so-
dium methanesulfinate as initiator.

29. A method according to claim 12 employing so-
dium p-acetamidobenzenesulfinate as initiator.

30. A method according to claim 12 employing so-
dium p-toluenesulfinate as initiator.

31. A method according to claim 1 run in a stoichio-
metric excess of olefin at a temperature of about 0° C. to
100° C. at atmospheric pressure employing the initiator
in an amount of about 10 to 50 mol percent of the start-
ing iodide.

32. A method according to claim 2 run in a stoichio-
metric excess of olefin at a temperature of about 0° C. to
100° C. atmospheric pressure employing the initiator in
an amount of about 10 to 50 ml percent of the starting
iodide.

33. A method for making a fluorinated alkyl sulfone
of the formula

R/CH,CH,SO;R 5

comprising reacting an iodide of the formula
(I)me

with ethylene, and at least a stoichiometric amount of
sulfinate initiator of the formula RsSO>M wherein
Rris a perfluorinated primary or secondary Cito Ci3
moiety which can be aliphatic or alicyclic, can be
substituted, or, except for the C; moiety, internally
interrupted by any group, provided that said sub-
stituent or said internal group will not react with
the sulfinate salt;
mis 1 or 2;
Rs is a substituted or unsubstituted C; to Cig moiety;
and
M is a cation selected from alkali metal, ammonium,
quaternary ammonium or {rs(dialkylamino)sul-
fonium.
34. In a method for making a fluorinated iodide of the
formula

1111 1|l3
Rj—(il-cl‘,—l
R2 R4

comprising reacting an iodide, (I)mRy, with an olefin of
the formula

wherein
Rris a perfluorinated primary or secondary Cj to C13
moiety which can be aliphatic or alicyclic, can be
substituted, or, except for the C; moiety, internally
interrupted by any group, provided that said sub-
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- stituent or said internal group will not react Wlth ~ the improvement compnsmg conducting the reaction in
" the sulfinate salt; the presence of a sulfinate salt initiator of the fﬂrmula

- R5502M wherein
R1to Rgare, individually, Hora substltuted or unsub-
- Rsis a substituted or unsubstltuted C to Cis moiety;
stituted Ci1 to Ci6 moiety, or R to Ry, taken to- . : Y

5 and |
gether, form a mono- or bicyclic aliphatic ring, the - M s a cation selected from alkali metal, ammonium,

~ atoms dlrectly linked to olefinic carbon atoms ‘quaternary ammonium or tns(dlalkylanuno)sul-
being aliphatic or alicyclic carbon; and | fonium. o

mis_l-orz;_ R . | | L % % _.* * _*.
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